were necessary to screen for the activity of various subsets of effector cells in the heterogeneous populations of colonic lymphoid cells. Our purpose was to seek evidence to support a role for local cellular immune responses in the pathogenesis of IBD.
Methods

STUDY GROUPS
Lymphoid cells were isolated from samples of surgically resected colons and from the peripheral blood of patients with IBD or other diseases of the large bowel. The IBD group comprised 10 patients (six women; four men), aged 16-53 years, with chronic ulcerative colitis (CUC), and 10 patients (nine women; one man), aged 16-67 years, with Crohn's disease. Eight patients (chronic ulcerative colitis, four; Crohn's disease, four) were receiving daily systemic steroids at the time of study (20 mg prednisone or less). Of 35 patients (16 women; 19 men), aged 44-85 years, with other colorectal diseases there were 21 with colorectal carcinoma, six with single, large colonic polyps, five with chronic diverticulitis, two with carcinoids, and one with chronic rectal prolapse. The colonic samples from the patients with IBD were taken from sites showing no ulceration and, from the patients with colonic tumours, from areas which were grossly and histologically normal. Isolates of lymphocytes were prepared from peripheral blood samples from a total of 32 healthy volunteers (12 women; 20 men), aged 21-54 years. The project was approved by the institutional Human Studies Committee and informed consent for blood sampling was obtained.
EFFECTOR CELLS
The methods for the isolation of colonic lymphoid cells, enriched for intraepithelial lymphocytes (IEL) or lamina proprial lymphocytes (LPL), and for the isolation of lymphoid cells from the peripheral blood (PBL) have been detailed recently.8
Isolation of IEL Colonic mucosa, 20-40 cm2 in area, was dissected from the underlying muscularis, cut into small strips, and incubated for three minutes in calcium and magnesium-free Hank's balanced salt solution (CMF-HBSS) containing 1 mM dithiothreitol (DTT; Grand Island Biological Co., Grand Island, NY). The mucosal pieces then were incubated with stirring at 37°C in air for 90 minutes in 100 ml CMF-HBSS containing 0.7 mM EDTA (BDH Chemicals Ltd., Poole, England), pH 7.4, to strip off epithelial cells together with the intraepithelial lymphocytes. The resulting supernatant was collected, passed through nylon mesh (100 4.), and spun in centrifuge tubes. The cell pellets then were washed twice in CMF-HBSS, pooled, and resuspended in TC 199 (Grand Island Biological Co., Grand Island, NY) containing 10°/ v/v fetal calf,serum (FCS; Grand Island Biological Co., Grand Island, NY) and antibiotics (penicillin 100 units/ml; streptomycin 100 tg/ml; gentamicin 40 ,ug/ml; amphotericin B 50 pg/ml). The Isolation of LPL The colonic mucosal strips, used initially to obtain IEL, were further incubated at 37°C in room air for 90 minutes in 100 ml of fresh CMF-HBSS containing 0.7 mM EDTA, pH 7.4. This step was repeated three to four times, each for a 90 minute period. The pieces of mucosa then were washed in CMF-HBSS and incubated with stirring for 12 hours at 37°C in room air in 100 ml TC-FC-A and 3000 units of purified collagenase, type VI (Sigma Chemical Co., St. Louis, MO), with the pH adjusted to 7.4. After this, the supernatant was passed through nylon mesh (100 ,u) and spun in centrifuge tubes. The resulting cell pellets were washed twice, pooled, and resuspended in TC-FC-A. The cell suspension was then depleted of macrophages using the method described above. This technique gave mononuclear cell yields of 2-10x 107 (mean=3.8±1.6x 107) per 20 cm2 mucosa with 88-96o% viability (mean= 92+1%) as estimated using light microscopy and trypan blue exclusion (0-1 %). Differential counts of smears prepared by cytocentrifugation and stained with Wright's stain or for non-specific esterase8
showed that the final isolates of LPL contained 91+0.5 % lymphocytes, 7 ±2.1 % plasma cells, and less than 1 % macrophages, neutrophils, eosinophils, basophils, and mast cells.
The duration of the two-staged procedure for the isolation of colonic lymphoid cells was approximately 24 hours.
Isolation ofPBL PBL were isolated from heparinised venous blood samples using a Ficoll-Hypaque gradient (Lymphoprep, Nyegaard & Co., Oslo, Norway), as described by B0yum.'0 Macrophage depletion was achieved and evaluated as described above. The yields of lymphoid cells were 4-10 x 10'/10 ml of blood and the viabilities exceeded 95% (trypan blue 0.1 %). Differential counts of cytocentrifuge smears stained with Wright's stain or for non-specific esterase9 consistently showed more than 99% lymphocytes and less than 1 % macrophages in the final isolates.
To evaluate the potential effects of the chemical and enzymatic treatments on the gut-derived lymphoid cells, aliquots of macrophage-depleted PBL from 10 healthy subjects were incubated in vitro with EDTA for 90 minutes or with collagenase for 12 hours, as described above for the isolation of IEL and LPL. After washing, each aliquot of PBL was counted and resuspended in various concentrations in TC-FC-A. The viabilities were estimated using trypan blue exclusion (01 %).
CHARACTERISATION OF T AND B LYMPHOCYTES
The macrophage-depleted isolates of PBL, LPL, and IEL were characterised for T and B cell markers as described previously.8 Immunofluorescent staining for membrane immunoglobulin was performed after the cell suspensions were incubated for 45 minutes and subsequently washed in TC 199 at 37°C to remove cytophilic antibody.'1 CYTOTOXICITY ASSAYS Macrophage-depleted PBL, either freshly isolated or treated with EDTA or collagenase, and the macrophage-depleted colonic isolates enriched for IEL or LPL were tested in different cytoxicity assays using two different target cells-namely, chicken erythrocytes (CRBC) and Chang cells.
Cytotoxicity assays with CRBC (1) Antibody-dependent cell-mediated cytotoxicity (ADCC) The method used essentially was that described by Perlmann and Perlmann12 Briefly, 0.25 ml of each of the following was added to tissue culture tubes (no.
2058; Falcon, Oxnard, CA): (1) effector cells (5 x 106 viable cells/ml), (2) CRBC, labelled with Na2CrO4 (Sp. Act. 50-400 mCi/mg Cr; Amersham Corp., Arlington Heights, IL) by a method described previously,6 in a concentration of 2 x 106 cells/m], (3) heat-inactivated rabbit anti-CRBC serum (Cappel Laboratories, Cochranville, PA) diluted 10-6, an optimal dilution obtained from preliminary experiments with PBL from healthy volunteers. The viable effector to target ratio used was 25 to 1, a ratio which had been shown by preliminary experiments with PBL to be appropriate for screening for ADCC in this assay; this ratio also permitted conservation of cells for the other testing. Controls were: (1) tubes containing "lCr-labelled CRBC and non-labelled CRBC, (2) "lCr-labelled CRBC with CRBC-antiserum and non-labelled CRBC, (3) "5Cr-labelled CRBC with normal rabbit serum and non-labelled CRBC, (4) tubes containing "lCr-CRBC and effector cells with heat-inactivated normal rabbit serum (titre 10-6).
All testing was performed in duplicate. After 18 hours' incubation at 37°C in a humidified atmosphere containing 5% CO2, the tubes were centrifuged, 0.5 ml of the supernatant was removed from each tube, and the radioactivities in the supernatant (0'5 ml) and in the pellet (0.25 ml) were counted in a well-type gamma scintillation counter. The cytotoxicity was derived from the percentage of "1Cr released and was calculated by the following formula: % cytotoxicity= (a x 1 *5/a+ b) x 100, where a=cpm in supernatant and b=cpm in pellet. Corrections were made for the spontaneous release of 51Cr by the CRBC, and cytotoxicity was expressed as the mean of duplicate tests.
(2) Mitogen-induced cell-mediatel cytotoxicity (MICC) 0.25 ml of each of the following was added to tissue culture tubes: (1) effector cells (5 x 106 viable cells/ ml), (2) 51Cr-labelled CRBC (2 x 105/ml), (3) purified PHA (Wellcome Reagents Ltd., Beckenham, England) in a final concentration of 1 ,ug/ml, which, using tritium-labelled thymidine incorporation as the measure of response, was shown in six preliminary experiments to induce blastoid transformatio,n (approximately 6,000-10,000 cpm after four days in vitro) in PBL from healthy volunteers and in colonic lymphoid isolates from IBD or cancer patients. The effector to target ratio was kept constant at 25 to 1, and was appropriate for screening for MICC.13 Controls were: (1) tubes containing 51Cr-labelled CRBC, PHA, and non-labelled CRBC, (2) 5"Crlabelled CRBC and non-labelled CRBC, (3) tubes containing 5"Cr-CRBC and effector cells, but no PHA. All testing was done in duplicate. The methods of incubation, final processing, calculation and expression of cytotoxicity were those described above for ADCC.
Cytotoxicity assays using Chang cells as targets (1) ADCC
The technique was modified from that described by (3) Spontaneous cell-mediated cytotoxicity (SCMC) 0.1 ml of 51Cr-Chang cells (1 x 104/ml) was incubated in microtitre wells with 0.1 ml of effector cells in different concentrations appropriate to achieve final viable effector to target ratios of 1:1, 5:1, 10:1, 25:1, 50:1, and 100:1. For spontaneous release of 51Cr, labelled Chang cells were incubated alone in TC-FC-A. All testing was done in triplicate. The methods of incubation, processing, calculation, and expression of cytotoxicity were those described for ADCC for Chang cells.
STATISTICAL ANALYSIS
The results of all experiments were expressed as the mean one standard error of the mean (SEM). Analysis for the significance of difference between means was done using Student's t testing. A P value of 0-02 or less was demanded for significance. As no apparent differences were found between those with CUC or CD, the IBD results were considered together.
Results
MEMBRANE CHARACTERISTICS OF LYMPHOID CELL POPULATIONS
The numbers of T cells, B cells, and cells lacking these membrane characteristics (null cells) are shown in Table 1 . In comparison with the peripheral blood, IEL and LPL populations each contained less T cells and more B cells and these differences were significant (P <0.001). Also, differences were found when the two colonic lymphoid cell fractions were compared: the percentage of T cells in the IEL was Fig. 1 the ADCC values are not corrected for SCMC. The two tests were performed simultaneously using: (1) PBL isolates from five healthy subjects and nine patients, (2) LPL isolates from four patients with IBD and 10 with other colonic diseases, and (3) IEL isolates from four patients with IBD and three others. No ADCC or SCMC was observed using PBL, LPL, or IEL at effector: target ratios (E:T) of 1:1 and 5:1, so these are excluded from the graphs. At higher ratios, all the PBL isolates showed ADCC for Chang cells, with a mean cytoxicity value of 65.1 +t6% at E:T of 100:1 (Fig. 1) . On testing the colonic lymphoid cell isolates, LPL appeared to be modestly active in mediating ADCC with a mean value of 10.4±2.8 %, but the IEL were inactive.
In the SCMC assay, PBL from healthy controls and from patients, regardless of the nature of the disease, were cytotoxic for Chang cells. The mean SCMC for the 14 PBL so tested was 31.2±5.6% at E:T of 100:1 (Fig. 2) . With LPL, two patients out of the total of 14 showed no activity but in the remaining 12 the SCMC ranged from 4 to 35% at E:T of 100:1. The overall mean value for the SCMC shown by the 14 isolates of LPL tested was 8.7J2-6%, which was considered to be low but definite cytotoxicity. In contrast, all the IEL were inactive with a mean cytotoxicity value of 1.2 ±+05 % at the same E:T.
However, because SCMC may have contributed to the cytotoxicity found in the Chang cell assay for ADCC, a subtraction of the % SCMC from the ADCC obtained with the same lymphocytes permitted a simple correction. When this was done, all the PBL tested showed 'corrected' ADCC for Chang cells, with a mean value of 39.9±6.1 % at E:T of 100:1. In contrast, of the 14 samples of LPL, seven showed no 'corrected' ADCC for Chang cells at the same E:T, and for the remaining seven the mean value was only 34±0.9%.
MICC FOR CRBC AND CHANG CELLS
The spontaneous release of 51Cr from CRBC or Chang cells, given above, was not exceeded when target cells were incubated only in the presence of PHA.
MICC for CRBC and Chang cells shown by LPL were similar to that demonstrated by the freshly isolated PBL (Fig. 3) 
